Future Work

Image Quality in the Diagnostic Process
In this Report, methods have been outlined by which the quality of the data produced by clinical imaging systems can be judged. The approach starts with the definition of a task and finishes with measures of quality in terms of the efficiency with which the particular imaging technique allows this task to be accomplished. This efficiency is measured in two steps. The first is in terms of what can be achieved with the acquired data using a statistical analysis which may, in certain circumstances, provide a measure of the best possible performance. The second step measures the performance of the task by observers using the displayed data. Thus, it is possible to compare the actual performance with the "best" achievable. This is not intended to be the definitive approach to measuring quality and will need to be modified in the light of experience gained in applying it to specific imaging modalities.
If the proposed approach is to be of value, then it must meet two criteria. Firstly, can the results of the quality assessment be used to indicate what contribution the image data is making towards a clinical diagnosis which will influence the management of the patient? It is not sufficient to simply measure how good the device is at carrying out what may, in some circumstances, be a very limited task. Secondly, can the proposed method of quality assessment be applied to a range of different types of imaging devices?
Image Quality and Clinical Diagnosis
The six-level model of efficacy was introduced in Section 1.5. The work in this Report bridges the gap between levels 1 and 2; measures of technical efficacy, such as transfer functions and levels of noise power, have been related to diagnostic accuracy. But it is also necessary to demonstrate that the approach provides information which can be used to study efficacy at higher levels.
The effectiveness of the quality measure is largely determined by the chosen task. While the use of the ideal observer to assess the quality of the acquired data in terms of classification tasks is relatively well understood, the application to the problem of estimation is much less clear. However, as described in Section 3.9, there would appear to be a framework encompassing the two. The clinical applicability of the quality measure depends on the extent to which the information relevant to a particular clinical task can be identified in terms of such classification tasks. The formulation of clinical tasks in these simple terms is a problem which has not been given much thought but one whose resolution is overdue.
Because ofthe need for simple tasks, quality assessment using the approaches outlined in Section 3 cannot, at present, utilize real clinical data. However, the assessment of the displayed image can be done using real clinical data. The ROC curve allows one to measure the trade-off between true-positive and falsepositive response rates. Looked at in terms of clinical parameters, it allows measurement of the sensitivity and specificity of the imaging technique.
In performing a diagnostic procedure, one pays a price (in terms of money and the risk of possible complications) to gain information that may be beneficial in subsequent patient management. The "information" that is gained regarding the actual state of health or disease can be measured and described, in a statistical sense, with ROC methodology.
Cost-benefit analysis can be used to relate the results of an ROC analysis to higher-order efficacy analyses in which the benefits and costs of truepositive, true-negative, false-positive and false-negative decisions are taken into account.
Although an ROC curve describes all of the tradeoffs that can be realized among the relative frequencies of true-positive, false-negative, true-negative and false-positive diagnostic decisions, the particular compromise that is most efficacious depends both upon the prevalence of the disease in question in the population studied and upon the "utilities" or "values," i.e., the benefits and costs, of the various kinds of correct and incorrect decisions in a particular diagnostic setting. The optimal compromise among the relative frequencies of the various kinds of decisions, i.e., the optimal "operating point" on the ROC, can be studied in terms of the "expected value" or "expected net benefit" of a diagnostic system when the system is applied to a particular population of patients (McNeil et al., 1975; Metz et al., 1975; Metz, 1978; Swets and Swets, 1979; Swets and Pickett, 1982; Sainfort, 1991) . In effect, the benefits and costs of each kind of decision are combined with the prevalence of the disease in question to find the combination of TPF and FPF on an ROC that yields the highest benefit, on the average. One can then compare this maximum benefit of the decisions with the "overhead cost" of doing the diagnostic procedure to determine its "expected net benefit." The components of benefit and cost that should be taken into account depend on the level of efficacy considered and may require measurements of subjective utilities (Keeny and Raiffa, 1976; Edwards, 1977) . General issues that arise when higher-level efficacy analyses are approached in terms of ROC analysis have been reviewed by Swets and Pickett (1982) .
Applicability to Other Imaging Devices
As stated in Section 3, the techniques for assessing the quality of the acquired data are most readily applicable to systems which are linear, or at least linearizable over the range of operating conditions, and shift invariant. Where the latter condition is not met, results indicating the average performance can be calculated. It is not envisaged that these conditions will prove to be a major limitation in practice and further work is being carried out by the ICRU to apply this approach to other devices. Some very general comments on the problems likely to be encountered with various imaging modalities are to be found in Appendix A.
To assess the performance in terms of acquired data, it is necessary to make measurements in terms of signals which represent intrinsic properties of the object and are independent of imaging conditions. While, as pointed out in Section 3.2, this poses few problems for many imaging techniques, e.g., in radiology the relationship between x-ray quanta and film density is well understood, certain modalities may pose problems, in particular in MRI where the basic information is dependent upon the time sequence of signals.
Conclusions
The proposed method provides an approach to assessing image quality which is sufficiently open ended to allow it to be applied to wider questions of diagnostic efficacy, yet sufficiently general to encompass most, if not all, types of imaging systems. However, it must be emphasized that the measurement of the various system parameters is not a trivial task and further detailed work is required.
